When the glutelin protein fraction of rice (Oryza sativa L.) seeds was fractionated by sodium dodecyl sulfate polyacrylamide gel electrophoresis, three size classes of proteins, 51 kilodaltons (kD), 34 to 37 kD, and 21 to 22 kD, as well as a contaminating prolamine polypeptide of 14 kD were detected. Antibodies were raised against these proteins and employed in studies to determine whether a precursor-product relationship existed among the glutelin components. Antibodies of the 34 to 37 kD and 21 to 22 kD polypeptides strongly reacted with the 51 kD protein, and conversely, anti-51 kD protein cross reacted with both of the putative subunits. Immunoprecipitaiton of in vitro translated products resulted in the synthesis of only the precursor form, indicating that the a and ,B subunits are proteolytic products of the 51 kD precursor protein. The poly(A)' RNA directed in vitro translated product was about 2000 daltons larger than both the authentic glutelin precursor and the in vitro translated product from polysome run-off synthesis. Western blot analysis of the 34 to 37 kD and 21 to 22 kD polypeptides partially digested with Staphylococcus aureus V8 protease revealed distinct patterns indicating that these proteins are structurally unrelated. As observed for the glutelins, the rice prolamines are also synthesized as a precursor of 16 kD, 2000 daltons larger than the mature polypeptide. Addition of dog pancreatic microsomal membranes to a wheat germ protein translation system resulted in the processing of the prolamine preprotein but not the preproglutelin to the mature form.
The major storage proteins of rice endosperm are the glutelins which may constitute up to 75% of the grain protein (18, 19) . In contrast, the alcohol-water soluble prolamines, which are the predominant storage proteins in most ofthe other major cereals, compose less than 5 to 10% of the total rice grain protein.
Glutelins are synthesized at about 4 to 6 DAF,2 whereas prolamine accumulation is first detected several days later (10, 22) . These proteins are deposited exclusively into two different protein bodies which can be distinguished by morphological characters and size ( 17) .
Rice glutelins have heterogeneous mol wt, the predominant species exhibiting sizes of 34 to 39 kD (a subunits) and 21 to 23 kD ((3 subunits). Wen and Luthe (21) have demonstrated the marked microheterogeneity of these subunits by isoelectric focusing. Results from in vivo pulse-chase labeling studies suggest that the a-and (3-glutelin subunits may be proteolytic products of a larger precursor, 57 kD in size (10, 22) . Direct 2 Abbreviation: DAF, days after flowering.
we have raised antibodies against the putative glutelin precursor and its two subunits and present immunological evidence that a precursor-product relationship exists among these glutelin components. Furthermore, the glutelin precursor as well as the prolamine polypeptides are synthesized in vitro as larger preproteins suggesting the presence of signal peptides and synthesis on RER. Other Methods. The isolation of polysomes, total RNA and poly(A)+ RNA from developing rice seeds and their in vitro translation in a wheat germ lysate were carried out as described previously (12, 13) . In vitro protein processing using canine pancreatic microsomal membranes were carried out according to the manufacturer's (Amersham) guidelines. Translations employing rabbit reticulocyte lysate were performed according to the manufacturer's (Promega Biotec) specifications. The 51 kD glutelin precursor was labeled by reduction with ['4C]iodoacetamide (3). SDS-PAGE (9) was carried out on 12% resolving polyacrylamide gels (1.5 mm thick) at a constant power of 5 W.
MATERIALS AND METHODS
Immunoprecipitation of the total in vitro translation products were carried out according to Jonassen 
_iu -RESULTS
The a-and ,B-glutelin subunits have been purified using ion exchange chromatography and more recently by chromatofocusing (21) but because oftheir insolubility in nondenaturing media, the separation of individual glutelin subunits was extremely difficult in our hands. However, purification ofglutelins by SDS-PAGE was a relatively easy way of obtaining large quantities of purified proteins. The reduced glutelin fraction when resolved by SDS-PAGE revealed 4 major groups of bands having mol wt of about 51 kD, 34 to 37 kD, 21 to 22 kD, and 14 kD as well as a few faint higher mol wt polypeptides (Fig. lb) . The 14 kD polypeptide was found to be a prolamine based on the protein blotting studies (results not shown) and was the major contaminant of the glutelin fraction. In view of the simple mixture of proteins in this fraction the putative 51 kD precursor, a subunit (34-57 kD) and ,B subunit (20-22 kD) bands were easily purified to near homogeneity on preparative SDS polyacrylamide gels (Fig. 1, c-e ). Antibodies were raised to the purified a and (3 subunits as well as the putative precursor as described in "Materials and Methods."
The specificity of a and # subunit antibodies was examined with the Western blot technique. Both antibodies exhibited high specificity and showed only a slight amount of cross-reactivity (Fig. 2) . The cross-reactivity may be due to the presence of some common antigenic epitopes in both subunits or slight cross contamination of the glutelin subunits in our purified preparations. Both antibodies recognized the 51 kD polypeptide implying a direct immunological relationship among these components. Antibodies raised against the 51 kD protein also strongly reacted with all components in question (results not shown). In contrast, all antibody preparations failed to recognize the 14 kD prolamine present in the reduced glutelin fraction (Fig. Ib) Proteolytic Digestion of the Rice Glutelin. The relatedness of these glutelin components was also analyzed by peptide mapping. The peptide patterns as generated by treatment with S. aureus V8 protease of the putative precursor and the two subunit polypeptides are shown in Figure 3A . Complex peptide patterns were obtained for the putative precursor and a subunit and in most instances common peptide bands were detected among these two polypeptides (Fig. 3A, lanes f and g) . In contrast, the proteolytic peptide pattern obtained for the f3 subunit was relatively simple, reflecting the fact that this subunit contains fewer acidic amino acids (21) and hence less sites for cleavage by S. aureus V8 protease. Nevertheless the few peptide bands generated from the ,B subunit appear common to the precursor peptide map. Figure 3B shows (Fig. 4) (Fig. 4, d and e) confirming the precursor nature of this polypeptide. In contrast, no bands were detected when the translation products were treated with the same amount of preimmune IgG. When compared to the authentic '4C-labeled precursor polypepide (Fig. 4f) , the in vitro translated precursor (Fig. 4g) was larger by 1000 to 2000 D. This size difference was more clearly evident when the in vitro translation products employing polysomes and poly(A)+ RNA were analyzed by SDS-PAGE. Poly(A)+ RNA directed the synthesis of a 53 kD polypeptide, whereas the polysomes synthesized a 51 kD polypeptide (Fig. 5A ). This suggests that the 51 kD glutelin polypeptides are initially synthesized as a larger species possessing a leader sequence of about 2 kD which facilitate their transport into protein bodies.
Like the glutelins, the prolamines are also packaged, albeit separately, into protein bodies. Interestingly in the rabbit reticulocyte system no translational products corresponding to the mature prolamine polypeptides were observed (Fig. 4c) . However a major translational product corresponding to 16 kD was observed, leading us to assume that this polypeptide may be the precursor for the rice prolamines. In order to test this possibility we carried out an in vitro protein processing experiment using dog pancreatic microsomal membranes. In the absence of microsomal membranes only the 16 kD polypeptide was detected (Fig.  SB, lane a) . Addition of microsomal membranes to the translation reactions resulted in the appearance of 14 kD polypeptide that was immunoprecipitated by the rice prolamine antibody (Fig. SB, lane b) 14 subunits, and a putative precursor at 51 kD. Antibodies raised against the a and fB subunits cross reacted with the 51 kD polypeptide, and conversely, anti-5 1 kD polypeptide reacted with both the a-and ,B-glutelin subunits (data not shown). These results indicate that there is a direct structural relationship among these components. The results of the in vitro protein synthesis experiments further substantiates this relationship. Immunoprecipitation of the in vitro translation products by glutelin antibodies resulted in the isolation of a 53 kD product (Fig. 4) , a size similar to the putative glutelin precursor. No major in vitro translation products corresponding to the size of the a-and f3-glutelin subunits were detected on these gels. The immunological relatedness of the putative precursor and glutelin subunits, in vitro synthesis of only the putative precursor, and the results of in vivo pulse-chase labeling studies of others (10, 22) The protein profile ofthe in vitro translation products revealed many distinct polypeptide bands. In addition to a prominent 53 kD glutelin preprotein, several lower mol wt products are evident. The 16 kD in vitro translated product presumably represents the preprolamine polypeptide since it is specifically immunoprecipitated by anti-prolamine (Fig. SB) . The amount of [35S]methionine incorporation in the prolamine band is considerably higher than the glutelin preprotein (Fig. 4) . However, in vivo, the prolamines only constitute a small fraction of the total protein in endosperm tissue (18) . This discrepancy could be simply due to the capacity of in vitro translations systems to efficiently synthesize smaller polypeptides relative to larger species. However, the glutelin preprotein mRNA may require specific translation factors for efficient synthesis as seen for the oat globulins (7).
Conservation of peptide sequences among the storage proteins from several legumes and cereals have been reported by several groups (1, 5, 14, 20, 21, 23 
